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TECHNICAL NOTE
A modification of the fluorescence method for
micro-inulin determinations
JOHN D. CONGER, HOWARD N. RHOADS, SUSAN N. CHRISTIE and THOMAS J. BURKE
Veterans Administration Hospital and University of Colorado Medical Center, Denver, Colorado
The fluorescence method of Vurek and Pegram [1]
is one of the most commonly used techniques to mea-
sure tubular fluid inulin concentration in micro-
puncture studies [2—5]. This method has the advan-
tages of relative simplicity and low cost. However, we
recently discovered an inherent, systematic error in
this method when employed in the setting of pro-
longed experiments. A consistent decrease in the back-
ground fluorescence of the dimedone-phosphoric acid
blanks, inulin standards and tubular fluid samples was
discovered when transferring into reagent-filled micro-
cuvettes was carried out over several hours. The fol-
lowing report describes the manner in which the error
was defined and outlines a technical modification
which results in its correction.
Methods and results
A mixture of dimedone (5,5-dimethyl-l,3-cy-
clohexanedione, Eastman Kodak Co., Rochester, NY)
and 85% phosphoric acid was prepared as described by
Vurek and Pegram [1] at 8:00 AM and transferred to a
Gilmont syringe. A constant volume (2.3 l) of the
reagent mixture was then transferred into 100 zl mi-
crocuvettes which had been precleansed as previously
described [1] and heat-sealed at one end. Fifteen mid
aliquots of 100 and 300 mg/100 ml inulin standards
prepared in Ringer's solution and tubular fluid sam-
ples' containing unknown inulin concentrations were
transferred into the reagent-containing microcuvettes
at hourly intervals for eight hours. Reagent blanks,
standards and tubular fluid samples were parepared in
triplicate. Following each set of transfers, the micro-
cuvettes were centrifuged and the open ends sealed.
Tubular fluid samples were obtained by prolonged collections from
late proximal tubules of inulin-infused hydropenic rats on the day of
study.
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The samples were boiled for ten minutes after being
inverted and centrifuged two additional times. After
the microcuvettes had been cooled to room temper-
ature, the relative fluorescence was read in an Aminco
Fluoro-Colorimeter (American Instrument Co., Silver
Springs, MD) which had been zeroed to distilled wa-
ter. The results of 12 such experiments are shown in
Fig. 1. As can be seen, there was systematic downward
drift with time in the fluorescence readings of reagent
blanks, standards and tubular fluid. The difference be-
came significant at the P < 0.001 level by the first
hour for the 300 mg/ 100 ml standards and by the sec-
ond h-our for the blanks, 100 mg/ 100 ml standards and
tubular fluids. The differences became increasingly
significant over the eight hours of study.
The change in fluorescence was not related to glass-
ware differences, since the readings of triplicate sam-
ples agreed within 5% and there was no systematic
pattern to their variability. A like drift of fluorescence
with time was found when light and temperature were
controlled using a sealed incubator for sample han-
dling.
The pattern of drift suggested an effect which was
fractionally similar in blanks, standards and tubular
fluid samples. It was then discovered that there was a
serial increase in the volume of the blanks when they
were allowed to stand in room air in the open-ended
microcuvettes. This increase in volume was inversely
correlated with the decrease in fluorescence as shown
in Fig. 2 (N = 10, r = 0.9778, P < 0.00 1). During an
eight-hour period the mean increase in volume was
19 2% and the decrease in fluorescence a nearly
identical 20± 3%. A similar decrease in fluorescence
was obtained when a volume of distilled water equal to
20% of the original blank volume was added to the
samples. It was assumed that the increase in fluid vol-
ume in the microcuvettes with time was due to atmo-
spheric moisture. It was assumed further that such an
atmospheric dilution must have been related to the
dessicant properties of the reagent mixture. Phosphor-
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Fig. 1. Change in fluorescence with lime of reagent blanks, mu/in
standards and tubular fluid sample. The reagent-filled microcuvettes
were allowed to stand open in room air. Inulin standards and tubu-
lar fluid transfers were made hourly into the reagent-containing mi-
crocuvettes. The data for blanks and standards are shown as the
mean I SD for 12 experiments. The tubular fluid values shown are
the result of a single study, but representative of the 12 proximal
tubular samples that were serially transferred.
ic acid alone was allowed to stand in an open micro-
cuvette for eight hours. An increase in volume oc-
curred which was quantitatively similar to that of the
reagent blanks, standards and tubular fluid samples
standing open for the same time period. Dimedone
had no appreciable dessicant properties. Its weight re-
mained stable when exposed to atmosphere for up to
24 hr.
Various maneuvers were evaluated to circumvent
the atmospheric dilutional problem. First, all blanks,
standards and tubular fluid samples were left open to
air in microcuvettes after transfer until the end of the
experiment, at which time they were simultaneously
centrifuged and sealed. Theoretically this should have
resulted in the same atmospheric dilution and propor-
tional reduction in fluorescence in all microcuvettes.
This would permit reliable measurement of inulin con-
centration independent of the time of standard or
sample transfer. Though this technique eliminated the
measurement error of progressive dilution, the sensi-
tivity of the method was reduced. As can be seen in
Fig. 3, both the slope and intercept of the plot of fluo-
rescence against inulin concentration were reduced
when compared to standards transferred and sealed
immediately after preparation of the reagent mixture.
Moreover, this technique made it necessary to prepare
the reagent mixture fresh and dispense it into micro-
cuvettes daily, since atmospheric exposure for 24 hr or
longer caused sufficient additional dilution to make
differences in fluorescence over the range of 50 to 300
mg/lOO ml of inulin so small that they were not read-
ily detectable with the fluonmeter (Fig. 3). A second
modification to prevent dilution was to keep all micro-
cuvettes in a CaC12 jar dessicator. This was not found
to be satisfactory because of the variable atmospheric
humidity exposure which was necessitated by period-
ically opening the jar to remove microcuvettes for
sample transfer. The final volumes of the micro-
cuvettes varied over a wide range with parallel varia-
tion in fluorescence readings. A third method was to
seal all microcuvettes immediately after the reagent
mixture was dispensed from the Gilmont syringe. This
prevented exposure to atmospheric moisture for more
than a few minutes. One of the closed ends of a micro-
cuvette was then removed with a diamond cutter for
sample transfer and immediately centrifuged and re-
sealed. Using this technique, the mean fluorescence
reading of the reagent blanks remained constant, with-
in 5.0% for up to one week without a tendency for
drift. Standards and tubular fluid samples also had
consistent fluorescence readings when transferred seri-
ally over eight hours using this presealing technique
(Fig. 4). Presealing of filled microcuvettes also made it
unnecessary to prepare the reagent mixture every day.
Inulin standards had constant fluorescence when
transferred daily for five days into presealed, reagent-
filled microcuvettes prepared on the first day.
Discussion
Determinations of tubular fluid inulin are central to
most micropuncture studies that examine the rates of
single nephron glomerular filtration and tubular fluid
reabsorption. The present experiments show that fac-
titious results can potentially be obtained when the
fluorescence method is used to measure inulin concen-
tration. The highly dessicant 85% phosphoric acid [6]
in the reagent mixture causes dilution from atmo-
spheric moisture with time resulting in a progressive
decrement of fluorescence. Vurek and Pegram [1] pre-
3.0 i-
I I I I I I I
1 2 3 4 5 6 7 8
Tine, hours
Fig. 2. Relation between volume and fluorescence with time in re-
agent-filled microcuvettes exposed to atmosphere. The volume in-
crease is inversely correlated with the fluorescence (N = 10, r =
0.9778, P < 0.001). Data are shown as the mean 1 SD.
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viously noted that the reagent mixture absorbed water,
but they did not quantitate this effect on microcuvette
volume with time. The time-related drift in fluores-
cence was first found with the reagent blanks since the
phosphoric acid in the reagent mixture produces some
residual positive fluorescence. However, parallel
changes in the fluorescence readings of standards and
samples also occurred. The data of this study suggest
that when there is at least a two-hour delay between an
initial collection and re-collection of tubular fluid
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from the same tubular site a significant decrease in the
calculated tubular fluid inulin concentration could re-
sult from dilutional error if the samples are trans-
ferred into the reagent blanks and sealed after each
collection. The error would appear sooner in samples
of high inulin concentration (Fig. 1). The magnitude of
this dilutional effect would no doubt vary as a function
of the humidity of the location in which the method
was used.
Such errors in tubular fluid inulin measurement
could result in discrepancies in single nephron and
whole kidney glomerular filtration rate determina-
tions as well as factitiously low estimates of absolute
tubular fluid reabsorption when other methods with
better stability are used to measure plasma and urine
inulin concentrations. The latter would tend to give
relatively higher values resulting in low tubular fluid to
plasma inulin ratios. The size of error of such calcu-
lations would be greater as the interval between initial
tubular fluid sample collection and re-collection was
increased.
Leaving all blanks, standards and samples open to
air until the end of an experiment eliminated the drift
error with time by allowing similar dilution in all mi-
crocuvettes. However, sensitivity was decreased signif-
icantly such that smaller changes in inulin concentra-
tion were less well detected than in the fresh, undiluted
reagent mixture. Presealing of the microcuvettes im-
mediately after dispensing the reagent mixture from
the Gilmont syringe seemed to provide the best overall
solution to the atmospheric dilution problem. If the
presealed microcuvettes were opened at one end at the
time of transfer and immediately centrifuged and re-
sealed after transfer, there was no appreciable change
in the volume. The stability of volume was reflected by
a similar stability of fluorescence readings during an
eight-hour experiment. The second advantage to pre-
sealing was that fresh dimedone-phosphoric acid
needed to be prepared less frequently. Fluorescence of
reagent blanks was constant for up to one week as
were the fluorescence readings of inulin standards
transferred into these presealed microcuvettes for up
to five days.
Reprint requests to Dr. John D. Conger. Renal Section, Veterans
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Fig. 3. Plots of inulin standard concentrations against fluorescence
for (A) transfers made into freshly prepared dimedone-phosphoric
acid containing microcuvettes. (B) microcuvettes allowed to stand
open to atmosphere for 8 hr prior to transfer and (C) microcuvettes
allowed to stand for 24 hr. Data shown are the result of 12 studies
and expressed as the mean 1 SD.
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Fig. 4. Fluorescence readings with time of reagent blanks, inulin
standards and a tubular fluid sample using presealed microcuvettes.
There is no significant change in any of the values. Data are ex-
pressed as in Fig. I.
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